Bonus point systems are a popular tournament design feature in some sports. We consider a bonus point system for the Australian Football League (AFL). In this paper, we utilise league points as a measure of team strength in a prediction model and choose the allocation of points to maximise prediction accuracy. For AFL data extending over seasons 1997-2008, we determine a bonus points system that does a better job at revealing strong teams than the current allocation of league points. We conclude that there is considerable scope for the introduction bonus points to improve tournament design in the AFL.
Introduction
League points are awarded in sporting contests to rank teams. In the Australian Football League (AFL), the eight highest-ranked teams (out of sixteen) at the end of each regular season contest the finals series (playoffs). The format of the finals series favours higher-ranked teams at the expense of lower-ranked sides. The four highestranked teams have a 'life' in the first week of the finals series whereas the four lowerranked sides do not. Additionally, home advantage (excluding the Grand Final) is awarded to the team that finished higher on the league table at the conclusion of the regular season. It is therefore desirable that criteria used to allocate league points accurately separates stronger teams from weaker teams. The possibility of one or both teams gaining a bonus point may also maintain spectator interest well after the likely winner of a match has emerged.
The current allocation of AFL league points awards a winning team four points, zero points to a losing team and two points to each team in the unusual event that a match is drawn (tied). Teams with equal league points are separated by comparing season for and against scoring percentages (points scored divided by points conceded). Such an allocation is not unusual in sporting contests. Football (soccer) tournaments are a notable exception, where in recent history teams participating in a drawn match are awarded less than half the number of points awarded for a win. A number of competitions include bonus points. For example, bonus points are awarded for scoring four or more tries and/or losing by seven points or less in most rugby union tournaments, including the Rugby World Cup. Bonus points are also used in the Cricket World Cup and the National Hockey League. Although several studies have examined the impact of tournament type (round robin, knockout, etc.) on the probability of the strongest team winning -see, for example, Clarke et al. (2008) and Scarf et al. (2008) -the optimal allocation of league points has hitherto received scant attention. Szymanski (2003) provides a comprehensive review of tournament design issues.
Following Winchester (2008) , we determine whether including bonuses is better at revealing strong teams in the AFL than the current system (which does not award bonus points). We consider two bonus specifications. In one, similar to bonuses awarded in rugby union, bonuses are awarded for scoring more than a certain number of goals; and/or losing by less than a certain number of points. In the other, a fixed number of league points are awarded per game and bonuses are awarded for winning by a large or losing narrowly. Our approach uses league points to construct strength measures and chooses league points to maximise prediction accuracy. The method determines both optimal values for bonuses (relative to the number of points awarded for a win) and optimal partitions for each bonus (e.g., the minimum losing margin required to earn a narrow-loss bonus). Intuitively, maximising prediction accuracy determines the optimal allocation of league points as predictions using strength indices built on an allocation that is good at revealing strong teams will be more accurate than predictions based on an allocation that is not.
Strength is measured by weighting the average number of league points earned by a team in the previous and current seasons. The optimal allocation of league points is determined by estimating the model for a range of alternative bonus partitions and choosing values for each event attracting league points (e.g., winning, losing by a narrow margin, etc.) so as to maximise prediction accuracy. In addition to strength measures, our prediction model includes several variables designed to capture a number of home advantage and travel fatigue factors. This paper has four further sections. Section 2 outlines the unique features of both Australian Rules Football and the AFL that suit our modelling approach. Section 3 sets out our modelling framework and details our data. Section 4 presents results from our modelling analysis and discusses rankings when optimal bonus points are included. Section 5 concludes.
The Australian Football League
Australian Rules football is an indigenous sport that originated in 1858, when the first game was played in Melbourne and the first club (Melbourne FC) was formed.
Although it is a national competition, the AFL (until 1989 known as the Victorian Football League) is still highly recognisable from its inception in 1897 as a suburban Current AFL teams and their domiciles are listed in Table 1 . A total of 176 regular season games are played prior to the finals series playoffs each season (22 for each team). The current AFL schedule is unbalanced, with each team playing seven other teams twice and eight other teams once throughout the course of the season (see Weiss, 1986; and Lenten, 2008 , for concerns regarding unbalanced schedules).
Using the AFL to examine the impact of bonuses on revealing strong teams has two advantages relative to other competitions. First, the introduction of bonus points is unlikely to change player behaviour, since AFL players always aim to score a goal and a behind is consolation for a near miss. In contrast, in sports such as rugby, players must choose between alternative scoring modes and the allocation of league points may influence participants' choices. Second, unlike the Super Rugby competition analysed by Winchester (2008) , bonuses are not currently awarded in the AFL. This characteristic ensures that the match data being used to estimate an optimal 'theoretical' bonus point system is uncontaminated by incentives induced by existing bonus points.
A key feature of the AFL is that some teams play home matches at more than one ground, rather than the traditional model of each team having its own home stadium. This recent phenomenon is not so salient for non-Victorian teams, with only two In terms of geography, away teams have to travel the largest distances when an 'East' team plays a 'West' team. Away disadvantage for these contests is also enlarged by the two-hour time difference between the two regions. Scientific literature on 'circadian dysrythmia' (jet lag) suggests that away disadvantage is greater when travel is longitudinal as opposed to latitudinal. See, for example, Waterhouse et al. (1997) , Balmer et al. (2001) , and Richmond et al. (2001) . Interestingly, the latter examined the sleep patterns of AFL players representing West Coast.
Modelling Framework
We consider two bonus specifications. In the first, following the allocation of bonuses in rugby union, bonuses are awarded for scoring a large number of goals and/or losing by a small margin. Bonuses are awarded for winning by a large margin or losing by a small margin in our second specification. We determine optimal bonus points by specifying a prediction model that includes bonuses as endogenous variables. We use our prediction model to determine optimal values for bonuses and optimal bonus thresholds (e.g., the minimum losing margin required to earn a narrow-loss bonus).
As is common in prediction models, such as that employed by Clarke (1993) , we use the home team's winning margin (points scored by the home team minus points scored by the away team) to characterise the outcome of a match. Determinants of match outcomes include home advantage and the strength of the two opponents.
Previous research indicates that home advantage can be modelled without including separate home advantages for each team against each opponent (Clarke, 1993; and Winchester, 2008) or distinct home advantages for each team (Clarke, 2005; and Harville and Smith, 1994) . Following the two latter studies, we group teams and include separate home advantages for each group.
We identify two broad groups: teams from the East (Adelaide, Brisbane, Melbourne and Sydney) and teams from the West (Perth). This allows us to capture the impact of travel and the time difference between Australia's Eastern and Western seaboards.
Scientific evidence suggests that the impact of travel across time zones may vary with the direction of travel. For example, Recht et al. (1995) and Worthen and Wade (1999) find that it is easier for teams to travel westward than eastward, while Steenland and Deddens (1997) Winchester's (2008) specification by allowing the data to determine optimal acrossseason weights rather than specifying weights exogenously.
To formalise our approach, let i denote the home team, j denote the away team, k index weeks and y index years. We specify the following equation: 
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where M θ is the value of the margin bonus and
is the per-game number of large wins accumulated by i at the completion of week k of year y. Substitution of (6) and (3) into (1) yields a model similar to (5), which is estimated using identical ranges for N and the margin bonus threshold as above, however, this time we estimate the 
Data
Our sample extends from 1997 to 2008, comprising a total of 2,112 regular season matches (excluding finals matches). The sample commences in 1997 as two teams merged (Fitzroy and Brisbane) and one was added (Port Adelaide) to the AFL following the 1996 season, hence the same 16 teams competed throughout our sample. Of the matches, 1,246 (59.0 per cent) were won by the (scheduled) home team, 848 (40.1 per cent) were won by the away team, and 18 matches (0.9 per cent) were drawn. Table 2 displays average home winning margins for alternative classifications of neutral and flip games. The average home net score is 8.4 points (9.2 per cent of the average away team score) for all matches as scheduled, but increases to 13.2 points after appropriately accounting for neutral and flip matches.
More detailed data regarding home advantage is displayed in Table 3 . The data breaks down home advantage by city pairing (though with Sydney and Brisbane aggregated).
Melbourne teams enjoy the smallest home advantage on average (and a negative home advantage against the Brisbane-Sydney combination). Adelaide teams and Brisbane-Sydney enjoy the greatest home advantage. The data also reveals that Perth teams do not tend to travel very well, even relative to Melbourne-based teams, providing support for the presence of asymmetry in the time-zone travel effect. This asymmetry is even more evident when all East teams are aggregated (and 'Perth' is relabelled 'West'), as shown in Table 4 . A crude estimate suggests that directional travel asymmetry is approximately two goals or 12 points (21.9 -9.9) in favour of teams from the East.
Modelling Results
Although our sample begins in 1997, we estimate (5) Significantly, both bonus estimates are significantly different from zero at a five per cent significance level, and the narrow-loss coefficient is different from zero at one per cent significance. Point estimates indicate that a goal bonus should attract around one-third of the points awarded for a win, and a narrow-loss is equivalent to about half a win. To make the allocation of goal and loss bonuses more usable, we impose the restriction = = L G θ θ 1/3. The p-value for the joint test of this constraint is 0.13, which indicates that the data cannot reject the restriction. After scaling so that values for league points are integers, our preferred allocation of AFL league points awards six points for a win, three for a draw, two for scoring 20 or more goals, and two for losing by 27 points or less. Therefore, the data indicate that the margin bonus is worth more than one-third of a win, but is not statistically different from 1/2 at conventional significance levels. After scaling appropriately, our preferred margin-bonus specification awards four points for a win, three for a draw, two points for winning by 27 or more, and two points for losing by 26 or less.
In comparing the two bonus allocations, we prefer a margin bonus to goal and narrow loss bonuses for several reasons. First, (c) fits the data slightly better than (b) in terms of explained sum of squares. Second, the inclusion of goal and narrow loss bonuses can result in peculiar outcomes. Specifically, the total number of league points awarded per game ranges from six to 10 and there are 16 possible pairwise allocations of league points per game in (b). In contrast, the total number of league points is fixed and there are only five possible pairwise allocations of league points in (c). Third, the goal bonus rewards attacking ability without considering defensive performance, while a margin bonus considers both attacking and defensive capabilities. Fourth, the bonus allocation in (b) closely follows that used in rugby union, where teams must make genuine choices between alternative modes of scoring. However, as noted above, teams always attempt to score a goal in Australian Rules football. As such, the goal bonus in (b) essentially rewards large wins and we believe a margin bonus is a more suitable way of rewarding large wins than a goal bonus.
The margin threshold in (c) is an important element of our bonus specification. We 
Alternative League Rankings
End-of-season league points determine both which teams qualify for the playoffs, and the difficulty of each qualifier's playoff schedule. As noted above, the top eight sides at the end of the each regular series contest the finals and the schedule favours teams seeded one to four relative to teams seeded five to eight. Rankings at the bottom of the league are also important, as the lowest ranked team receives the first draft pick in the following season.
We evaluate the impact of including a margin bonus on AFL standings by identifying On average, relative to the status quo, the inclusion of a margin bonus results in one exchange between first to fourth seeds and fifth to eighth seeds each year, one exchange between fifth to eighth seeds and non-qualifiers every two years, and an alternative bottom-placed team every three years. These changes do not represent significant changes to league rankings. Nevertheless, ranking teams with less wins ahead of teams with more wins is likely to be controversial. In defence of our alternative allocation of league points, National Football League bookmaker data, which is readily available, shows that the favourite is the team with less wins in the current season or the away team if two opponents have the same number of wins in around one-fifth of matches.
Conclusions
We used a prediction model to test the efficiency of tournament design of the AFL with respect to the allocation of league points. We determined the allocation of league points that is best at revealing strong teams by using league points to measure strength and choosing league points to maximise prediction accuracy. Two alternative allocations of league points were considered. One awarded bonuses for scoring a large number of goals and losing by a narrow margin. The other awarded a bonus for winning by a large margin or losing by a narrow margin. We found that bonuses were significant determinants of strength in both specifications, concurring with the results of Winchester (2008) for Super Rugby. Our preferred allocation of league points awarded four points for a win, three points for a draw, two points for winning by 27 or more, and two points for losing by 26 or less.
In addition to more accurately revealing strong teams, the inclusion of bonuses may increase spectator interest in matches where an obvious winner emerges prior to match completion. For these reasons, the AFL Commission may wish to amend the allocation of league points currently used in Australian Rules football. Introducing bonuses to AFL standings may cause controversy as a team with less wins may qualify for the playoffs at the expense of a team with more wins. Nevertheless, our optimal bonus point system is based on an objective analysis and breaking the one-toone mapping between league wins and league rankings is supported by bookmakers' actions. We hope that bonus points are not overlooked due to the 'tyranny of the status quo'.
We note two caveats to our analysis before closing. First, the introduction of bonuses may alter team behaviour. For example, a team with a comfortable lead late in a game will be less likely to substitute key players when a margin bonus is included than under the current system. We do not account for changes in team behaviour induced by bonuses. However, as highlighted above, the introduction of bonuses is likely to have a smaller impact on team behaviour in the AFL than in other competitions.
Second, bonuses may be included for entertainment purposes. For example, the try bonus in rugby union was introduced to encourage teams to adopt attacking tactics. A more comprehensive analysis of bonuses may optimise a function of entertainment and accurate rankings. Undertaking such a study is complicated by the fact that spectators derive entertainment from watching the strongest teams contest the playoffs, so entertainment may be a function of accurate rankings. Our approach could be used to select the design of a bonus point system motivated by entertainment purposes that minimises distortions to league rankings. 
